We have used a method previously described by Reeves and Candido (1) to partially release histone deacetylase from cell nuclei together with putative regulators of the enzyme. Histone deacetylase released from testis cell nuclei and its putative regulators were separated by gel filtration on Sepharose 6B.
INTRODUCTION
Histones can be modified by acetylation in two different ways. The NH of the amino-terminal serine in histones HI , H2A and H4 is permanently acetylated with no significant turnover of this group. In contrast, there is an extensive acetylation and deacetylation of lysine residues in the amino-terminal regions of all nucleosomal histones H2A, H2B,
H3 and H4 (3).
Numerous correlations have been observed between acetylation of histones and gene activity (4) . An increase of histone acetylation precedes the induction of new RNA synthesis in mitogen-stimulated lymphocytes (5) , in regenerating liver (6) and in hormone stimulated target cells (7)» Conversely, in the mature sperm of Arbacia lixula, where no BNA synthesis occurs, histones appear only in their nonacetylated forms (8) . The transcriptionally active macronucleus of Tetrahymena pyriformis contiains highly acetylated histones, whereas the histones of the micronucleus are not acetylated (9) .
Histone acetylation may play a critical role in permiting At present, is uncertain whether acetylation of histones in active genes is metabolically stable or unstable (10). If acetylations are stable only at few specific chromatin sites but unstable at the nonspecific loci, histone deacetylase should be inhibited at the specific sites by regulatory molecules as has been proposed for HMG-14 and HMG-17 (2) . If alternatively, in active genes the turnover of acetyl groups on the core histones of nucleosomes is extremely rapid (H) and acetylations are stable only at the nonspecific loci of chromatin, histone deacetylase should be active in transcriptionally active chromatin.
An increased rate of deacetylation may be ascribed to an increased accessibility of histone molecules to the deacetylase and/or to a higher enzymatic activity in transcribing chromatin. Assuming the second possibility, it seemed likely that deacetylase activators could be present in chromatin. To test the idea we have used a method previously described by Reeves and Candido (1) that partially releases hlstone deacetylase from cell nuclei together with putative regulators of the enzyme. We report here the purification of a heat-stable activator of histone deacetylase with many properties in common with the protein ubiquitin.
We also show that in our system the nonhistone chromosomal protein HMG-17,previously reported to inhibit histone deacetylase in Friend cell nuclei (2), shows no inhibitory effect on histone deacetylase.
MATERIALS AND METHODS
Nuclear isolation and nuclease digestion.
Huclei were isolated from fresh rooster testis by the sucrose procedure previously described (12)except for the buffer used (0.01 M Tris-HCl, pH 7.9, 0.01 M NaCl, 10 mM MgCl p containing 0.25 per cent Triton X-100 and 1 mM PMSP).
Purified nuclei were digested with DNase I (Sigma) under conditions known to preferentially destroy active genes(13).
After 5 min. at 37°C about 10 per cent of the chromatin DNA was released. Digestion was terminated by chilling and immediately adding EDTA to a final 5 mM concentration.
Preparation of activator-deficient histone deacetylase.
The soluble material recovered by centrifugation at 12,000 x g for 5 min. after DNase I digestion of nuclei was made 0.35 M in NaCl and 20 ml were applied to a Sepharose 6B column, 2.5 x 100 cm(14)» Fractions of 8 ml were collected.
The eluate was monitored for histone deacetylase activity and histone deacetylase activator as described below.
Preparation of histone deacetylase activator. Following incubation histones were extracted from chromatin as previously described (12) except that all media contained 6 mM sodium butyrate.
Histone deacetylase activator assay.
The assay mixture contained 100 jag of activator deficient histone deacetylase and different amounts of the activator solution. After incubation for 60 min at 37°C, histone deacetylase was assayed by the procedures previously defined.
Isolation of HMG protein 17 and assay with hiatone deacetylase.
The high mobility group proteins were prepared from rooster testis cell nuclei by the method of Goodwin et al. (17) .
The Enzymatic hydrolysis.
Tryptic digestion was performed for 30 min. at 37°C with 100 jug/ml trypsin (Merck) and soybean trypsin inhibitor (Merck) was then added to 500 jig/ml. Pronase digestion (Merck, 25 ug/ml) was carried out at 37°C for 60 min. at pH 7. (19) , and in exponential polyacrylamide-SDS gels (10 £-16 #) as described by O'Parrell (20) . The gels were scanned with a model 2410 Gilford linear transport scanner.
Protein was determined by the procedure of Lowry et al. (21) .
BE3ULTS
Activator deficient histpne deacetylase When purified nuclei from rooster testis cells were incubated with DRase I under conditions known to preferentially destroy active genes, about 10 per cent of the chromatin DKA. was released. The supernatant obtained after DNase I digestion showed histone deacetylase activity. In order to separate the enzymatic activity from putative regulators, the 
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The data are presented as numbers of residues per molecule. The molecular weight of the histone deacetylase activator is assumed as 9,000. No corrections were made for hydrolytic losses. Numbers given in parentheses are the number of residues obtained from the sequence result. The amino acid composition of calf thymus ubiquitin is from (22) .
Effect of HMG-17 on histone deacetylase activity.
The high mobility group nonhistone proteins were isolated from rooster testis chromatin by the method of Goodwin et al. HMG 17" have performed amino acid analysis of purified HMG-17 and the results are shown in Table II . In this Table the with purified nuclei. In both cases we could not detect the reported inhibitory effect of HMG-14 and HMG-17 on histone deacetylase (Table III) . No corrections were made for hydrolytic losses. The amino acid composition of chicken erythrocyte HMG-17 is from (25) . Ubiquitin is a small highly stable globular acidic protein, widely distributed in prokaryotes and eukaryotes , with an amino acid sequence highly conserved during evolution (26) (27) (28) . One of the known functions of ubiquitin is the ATP dependent breakdown of proteins to amino acids (29) We investigated if HMG-17 from rooster teatis cells could inhibit histone deacetylase in our system. We have shown that HMG-17 does not inhibit histone deacetylase assayed ±n vitro. In addition, the HMG's 14 and 17 from rooster testis isolated and assayed as described by Reeves and Candido (2) show no effect on nuclear deacetylase activity.
Our results agree, however, with those described by Reeves and Candido (2) for the trout specific protein H6.
This protein has many similarities to calf thymus HMG-17 (32) . Protein H6, present in active genes, does not cause any inhibitory effect on histone deacetylase.
Further studies are necessary to probe if ubiquitin has stimulatory activity on histone deacetylase iji vivo and to determine the relationship between gene activity , rapid turnover of acetyl groups in the core histone of a small sub-aet of nucleosomes and the localization of ubiquitin in certain domains of chromatin.
